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METHOD FOR MAKING MULTILAYER THIN-FILM ELECTRONICS 



SPECIFICATION 
BACKGROUND OF THE INVENTION 

5 

FIELD OF THE INVENTION 

This invention relates to large-area electronics and to methods for 
manufacturing thin film electronics continuously on separate carrier substrate 
foils, and then to combining these foils using anisotropic electrical conductors 
10 or light guides. 

RELATED ART 

In the field of thin film electronics where two or more layers of active 
circuits are employed, many technologies exist for connection of separate planes 

15 of passive circuits. One of these technologies is multilevel metallization on top 

of integrated silicon circuits, for which several levels of metal lines are built up 
by alternating between the fabrication of metal patterns, the deposition of 
insulators, the opening of vertical connections, followed by the fabrication of the 
next level of metal pattern, etc. Another of these technologies is multilevel 

20 printed wire boards (PWBs), for which passive metal connections are deposited 

on epoxy-based or ceramic boards that are fabricated with openings to make 
vertical connections. Individual boards are bonded to each other to form 
multilevel PWBs by bonding techniques that depend on the material of the 
board. These techniques are used industrially. 

25 However, there are drawbacks associated with these existing techniques. 
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OBTECTS AND SUMMARY OF THE INVENTION 




20 



It is an object of this invention to provide a method of manufacturing 
macroelectronic circuits. 

It is a further object of this invention to provide a method of 
manufacturing macroelectronic circuits which results in low cost and high yield. 

It is yet another object of this invention to provide a method for 
manufacturing electronic circuits in a continuous process. 

It is still a further object of the invention to provide a method of 
manufacturing electronic circuits where thin film electronics are manufactured 
continuously on separate carrier substrate foils. 

It is another object of the invention to provide a method of combining the 
separately manufactured foils. 

It is a still further object of the invention to combine separately 
manufactured foils using adhesives and anisotropic electrical conductors or light 
guides. 

The present invention maintains high-speed manufacturing while the 
various component functions are manufactured separately under conditions 
tailored to optimize component performance and yield. The method involves the 
production of each function or group of functions on a separate flexible 
substrate, and bonding these flexible substrates to each other by using 
anisotropic electrically conducting or optical lightguide adhesives. The bonding 
is performed by laminating the flexible substrates to each other via the adhesive 
in a continuous process. Anisotropic conductors conduct in one direction (i.e. 
top to bottom) but do not conduct sideways. 
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BRIEF DESCRIPTION OF THE FIGURES 
FIG. 1 is a schematic drawing of a pixel for a display of organic light 
emitting diodes driven by an active matrix of thin film transistors made on a 
steel back plane. 

FIG. 2 is a diagram of a co-laminated thin film transistor using 
anisotropic electrically conducting adhesive. 



99/50890 PCT/US99/06453 

4 

DETAILED DESCRIPTION OF THE rNVENTrON 
Many electronic products combine several electronic and/or optical 
functions. An active-matrix liquid-crystal display is an example of such a 
product. It consists of a light source, a plane of transistor electronics, a layer of 
liquid crystal sandwiched between transparent conductors and polarizers, and a 
plane of color filters. Typically, such products are made by separately 
manufacturing the individual components, such as the light source, the transistor 
back plane, and the color filter plane, followed by assembly and filling of the 
liquid crystal material. The separate manufacture allows the individual 
optimization of the performance of each component. Often, separate 
manufacture is necessary to obtain the desired functionality. For example, the 
transistor back plane of a liquid crystal display could not be manufactured after 
assembly, because assembly renders the required substrate surface inaccessible. 
However, it is well known that integration of several ftinctions on one substrate 
leads to savings in cost, improvement of yield, and increased functionality. 

The need for combining several electronic functions at low cost with 
high yield becomes paramount in the field of macroelectronics, also called large- 
area electronics or giant electronics. Macroelectronic products are expected to 
have very low cost per unit area, rather than per ftinction as is the case for 
conventional microelectronics. This requirement is apparent for typical examples 
of future macroelectronic products, such as disposable, intelligent 
shipping/shopping labels, digital wallpaper, and dial-your-pattem dresses. These 
products may include transistor electronics, input/output devices such as 
antennae, optoelectronic ftinctions including photodetectors and light-emitting 
diodes, and microelectrornechanical devices. 

To keep costs low and achieve high yield, the manufacture of 
macroelectronic products must combine high-speed production of these 
functions with their integration at high yield. High-speed production can be 
achieved by the printing of macroelectronics on flexible substrates. The substrate 
will spool off a roll, run through equipment that is configured like a multi-color 
printing press, and then will be coiled up or cut into product. The diversity of 
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macroelectronic component functions (transistors, LEDs, photodetectors, etc.) 
requires diverse materials and manufacturing processes. Superposing these 
materials and processes in a fully integrated sequence reduces yield because the 
temperature and chemicals required for producing a given function may damage 
5 a function that was introduced earlier in a lower layer of the multilayer structure. 

The present invention maintains high-speed manufacturing while the 
various component functions are manufactured separately under conditions 
tailored to optimize component performance and yield. The basic concept is to 
w 10 produce each function or group of functions on a separate flexible substrate, and 

IP to bond these flexible substrates to each other by using anisotropic electrically 

Z conducting or optical lightguide adhesives. The bonding is performed by 

C laminating the flexible substrates to each other via the adhesive in a continuous 

W process, 

p 15 FIG. 1 shows a pixel for a display of organic light emitting diodes driven 

by an active matrix of thin film transistors made on a steel back plane. In such 
devices, thin film transistors must make good electrical contact to the OLEDs 
to provide sufficient drive current. This is an active matrix emissive display 
which consists of a back plane of thin film transistors that drive organic light 
20 emitting diodes. Such a pixel is shown in the paper by Wu. et al . Integration of 

Organic LEDs and Amorphous TFTs onto Unbreakable Metal Foil Substrates, 
published in the Tech. Digest Intemat. Electron Devices Meeting, San Francisco, 
CA, December 801 1, 1996, IEEE, Piscataway, NJ 1996, Paper 308.1, pp. 957- 
959. 



The display shown in FIG. 1 is manufactured in a sequence of steps that 
^ In ^ OLED layers to on/substrate. A substrate foil, for example, 

^(^^X stainless steel, has patterned TFT o^cuits added first. The OLED circuits are 
^h^" placed on the substrate. A tmnsparent encapsulation layer (not shown) is 
\j then applied. The top contact to mc OLED layer must be transparent to transmit 
30 the light, which is emitted frorn^he organic semiconductor. In this structure this 

contact is made in one of the mst processing steps. It was found experimentally 



1^ 
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that this transparent contact to th^OLED functions best when made first, i.e., 
when the OLED is made on top of m {''Organic LEDs integrated with a-Si TFTs 
on lightweight metal substrates"' Xc.C, Wu, et al.. Society for Information 
Display, Intemat. Symp. Digest, vtl. XXVIII, SID, Santa Ana, CA 1997, pp. 
67-70). However, making the OLEBs first on a transparent substrate, followed 
by making the TFTs on top of theOLEDs is not possible, because the typical 
TFT process temperature of 200"* toBSO'* C will destroy the OLED, which must 
not be heated much above room temperature 



The present invention addresses this problem by making the TFT back 
10 plane and the OLEDs separately, and connecting them electrically with an 

anisotropic conductor, which conducts only in the direction perpendicular to the 
layers. This sequence of steps is illustrated in FIG. 2. More particularly, the 
OLED's 6 are formed on a transparent conductor 4 which is, in turn formed onto 
a transparent substrate/encapsulation 2. The back plane comprises thin film 
15 transistors (TFT's) formed onto structural substrate 10. When the substrate 10 

is conducted as is the case for metal foils, an insulated barrier layer 12 must be 
deposited between the TFT layer and the substrate. The fi-ont plane OLED's and 
the back plane TFT's are connected together with an anistropic conductive 
adhesive 8. The resultant structure is the finished thin film display. 
20 Nothing is changed in TFT manufacture as compared to the sequence 

described above. However, the OLEDs are made on a transparent conductor, 
which in turn is deposited on a transparent substrate. In this way, the best 
possible electrical contact to the OLEDs is made, and the transparent substrate 
ultimately serves as the transparent encapsulant. The other electrical contact to 
25 the OLEDs may be opaque and is made of a suitable metal. The two planes, TFT 

and OLED, are then laminated to each other, using an adhesive foil of 
anisotropic conductor (for example, ARclad® 8257 fi-om Adhesives Research, 
Inc., a 1-mil thick acryhc product^. The final assembly step therefore is the co- 
lamination of TFT foil, anisotropic conductor foil, and OLED foil. 
30 It is important to note that the proper TFT-OLED connections are made 

automatically by this procedure, as long as the TFT and OLED planes are 
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aligned with each other. 

The same principle can be used to co-laminate component planes with 
anisotropic light guides, if optical interconnects are desired. The lamination step 
may be repeated to combine more than two active planes in one product. 

Having a body of easily deformable adhesive also provides another 
advantage in production yield and product lift. The anisotropic conductor will 
accommodate mechanical strain between the circuit planes that it connects. If 
a rigid connection were used, any strain developing during fabrication or in 
produce use will be accommodated by the layer with the lowest elastic modulus. 
This may be an active layer, for example, the organic light-emitter. Straining 
this layer may destroy the OLED. Straining the adhesive layer will only lead to 
local shifts in the contact alignment, which will be self-correcting due to the 
anisotropic conduction or light guiding. 

Anisotropic conductors are used today to make connections between 
groups of passive conductors on to different planes. One well-known application 
is the surface-mount of integrated driver circuits to the row and column 
conductors of liquid crystal displays. The use of a sheet of an anisotropically 
conducting adhesive for the direct connection of two active circuit planes is new. 
The problem solved here is coming into being only now, as macroelectronic 
integrated circuits are developed. 

While several advantageous embodiments have been chosen to illustrate 
the invention, it will be understood by those skilled in the art that various 
changes and modifications can be made therein without departing from the scope 
of the invention as defined in the appended claims. 

Having thus described the invention in detail, it is to be understood that 
the Jbregoing description is not intended to limit the spirit and scope thereof. 
What is desired to be protected by Letters Patent is set forth in the appended 
claims. 



